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The emergence of simultaneous resistance to multiple classes of antibiotics 
presents an increasing threat. Plasmid-borne multiresistance and integrative con-
jugative elements have been reported in Pasteurella multocida. We report an al-
ternative strategy for the development of multiresistance observed in a P. multo-
cida strain (Pm238) isolated from calf pneumonia. We identified genes integrated 
into the chromosomal DNA without known integrative and conjugative elements. 
These genes conferred resistance to streptomycin (strA), tetracycline (tetB), chlo-
ramphenicol (catAIII), and sulphonamides (sulII). We also detected mutation in the 
quinolone-resistance-determining regions of parC. No plasmids could be isolated 
from strain Pm238. These results suggest that P. multocida can accumulate multi-
ple resistance determinants on the chromosome as single genes. 
Key words: Pasteurella multocida, cattle, antimicrobial resistance, multi-
locus sequence typing 
Pasteurella multocida is a widespread Gram-negative opportunistic path-
ogen. In the presence of predisposing factors, it may cause respiratory tract infec-
tions in a wide range of avian and mammalian species, including humans. It is 
the primary causative agent of fowl cholera, atrophic rhinitis in pigs, and haem-
orrhagic septicaemia in buffalo and cattle (Rhoades and Rimler, 1989; De Alwis, 
1992; Magyar and Lax, 2002), and a secondary invader in pneumonia of swine 
and ruminants, and in various respiratory tract diseases of rodents (Boyce et al., 
2010). 
Pasteurella multocida strains can be classified into five capsular 
serogroups (A, B, D, E, and F) and 16 somatic serotypes (1–16) based on their 
capsular structure and lipopolysaccharide antigens (Carter, 1955; Heddleston et 
al., 1972; Rimler and Rhoades, 1987). Thirteen biovars can also be differentiated 
according to their fermentation of different carbohydrates (Fegan et al., 1995; 
Blackall et al., 1997). 
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Antimicrobial resistance has been reported in P. multocida with increasing 
frequency, including the detection of isolates with resistance to most classes of 
antimicrobial agents commonly used in veterinary practice. San Millan et al. 
(2009) reported P. multocida strains that contained multiple plasmids carrying 
resistance genes, while other studies have described multiresistant P. multocida 
strains harbouring resistance genes integrated into the chromosomal DNA by in-
tegrative and conjugative elements (ICEPmu1, ICEPmu2) (Michael et al., 2012; 
Moustafa et al., 2015). In this study, we detected a multiresistant P. multocida 
strain isolated from calf pneumonia with a genetic background different from 
that of previously reported strains. 
 
 
Materials and methods 
Isolation and characterisation of P. multocida 
Pasteurella multocida strain Pm238 was obtained from a case of bovine 
respiratory tract infection on a cattle farm in 2016. A 3-month-old calf showed 
respiratory signs including nasal discharge and laboured breathing. Despite 
treatment with enrofloxacin (5 mg/kg, sc., once a day) for 4 days, the animal died 
suddenly. Necropsy revealed severe pneumonia accompanied by multiple ab-
scess formation. 
A sample from the lung was cultured on Columbia agar (Lab M Ltd., 
Bury, UK) plates supplemented with 5% sheep blood under aerobic conditions at 
37 °C for 24 h. The identity of the P. multocida isolate was confirmed by spe-
cies-specific polymerase chain reaction (PCR) assay (Townsend et al., 1998). 
Combinations of oligonucleotide primers were used to amplify fragments from 
the kmt1 (species identification), toxA (P. multocida toxin), and hyaC-hyaD 
(capsular serogroup A) genes in a single, multiplex reaction (Gautam et al., 2004; 
Register and DeJong, 2006). The somatic serotype was established using the gel 
diffusion precipitin test (Heddleston et al., 1972). The biovar was determined as 
described previously (Sellyei et al., 2008). 
Multilocus sequence typing (MLST) was performed according to the 
scheme described by Subaaharan et al. (2010). PCR products were sequenced by 
Macrogen Europe (Amsterdam, The Netherlands). Nucleotide sequences were 
aligned and compared using BioEdit software (version 7.2.3) (Hall, 2011). 
MLST alleles were assigned to the RIRDC MLST database (http://pubmlst.org/ 
pmultocida_rirdc/). 
Susceptibility testing 
Antibiotic resistance was tested using minimal inhibitory concentration 
(MIC) test strips (Liofilchem, Roseto, Italy). Susceptibility to 18 antimicrobial 
agents (penicillin, ampicillin, cefalotin, streptomycin, gentamicin, spectinomycin, 
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tetracycline, doxycycline, erythromycin, clindamycin, florfenicol, chlorampheni-
col, sulphamethoxazole, trimethoprim-sulphamethoxazole, enrofloxacin, ciprof-
loxacin, nalidixic acid, and colistin) was tested. Escherichia coli ATCC 25922 
served as positive control. The strains were cultured on Mueller–Hinton agar 
plates supplemented with 5% sheep blood at 37 °C for 24 h. Bacterial suspen-
sions in phosphate-buffered saline, adjusted to a density of 0.5 McFarland, were 
spread onto Mueller–Hinton agar using a sterile swab. An MIC test strip was 
placed on each plate after approximately 10 min. The plates were incubated at 
37 °C for 24 h, after which MIC values were read according to the manufactur-
er’s instructions. We interpreted the breakpoints according to the recommenda-
tions of the Clinical and Laboratory Standards Institute. 
Antibiotic resistance genes were detected by PCR. PCR primers were cho-
sen from antibiotic resistance genes including chloramphenicol (catAIII), sul-
phonamide (sulII), streptomycin (strA), quinolones (parC), tetracycline (tetB), and 
macrolides [erm(42), msr(E), mph(E)] (Table 1). PCR products were sequenced 
by Macrogen Europe. 
Table 1 
Antibiotic resistance gene-specific PCRs used in this study 
Target  
gene 
Forward (F) and reverse (R) 
primer sequences (5’–3’) 
Product 
length 
(bp) 
Annealing 
temperature 
(°C) 
Reference 
catAIII F: ACCATGTGGTTTTAGCTTAACA 470 64 Kehrenberg and Schwarz, 2001 R: GCAATAACAGTCTATCCCCTTC    
sulII F: ACAGTTTCTCCGATGGAGGCC 700 64 Kehrenberg and Schwarz, 2001 R: CTCGTGTGTGCGGATGAAGTC 
   
strA F: TGACTGGTTGCCTGTCAGAGG 650 64 Kehrenberg and Schwarz, 2001 R: CCAGTTGTCTTCGGCGTTAGCA 
   
parC F: GATGGCTTGAAACCGGTGCA 425 55 Katsuda et al., 2009 R: GCCATTCCCACCGCAATCC 
   
tetB F: TACGTGAATTTATTGCTTCGG 206 55 Aminov et al., 2002 R: ATACAGCATCCAAAGCGCAC 
   
erm(42) F: TGCACCATCTTACAAGGAGT 173 68 Rose et al., 2012 R: CATGCCTGTCTTCAAGGTTT 
   
msr(E) F: ATGCCCAGCATATAAATCGC 395 68 Rose et al., 2012 R: ATATGGACAAAGATAGCCCG 
   
mph(E)  F: TATAGCGACTTTAGCGCCAA 271 68 Rose et al., 2012 R: GCCGTAGAATATGAGCTGAT 
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All the five PCR assays targeting integrative conjugation element (ICE)-
associated genes from ICEPmu1 were performed as described by Klima et al. 
(2014). Plasmid purification was done using a Qiagen Plasmid Mini Kit (Hilden, 
Germany) according to the manufacturer’s instructions. The isolated DNA was 
checked by electrophoresis in 0.7% agarose gel. The positive control of plasmid 
isolation was a plasmid harbouring Riemerella anatipestifer strain (1119).  
 
 
Results and discussion 
The identity of P. multocida Pm238 was confirmed by species-specific 
PCR, and capsular and somatic typing classified the strain as A:3. It was as-
signed to biovar 9 based on its ability to ferment trehalose, xylose, and sorbitol; 
it showed no ornithine decarboxylase activity, and did not produce acid from 
arabinose, maltose, lactose, or dulcitol. The toxA gene was not detected. 
MLST analysis of concatenated sequences demonstrated sequence type 79 
(ST79), with the allelic profile adk 26, est 11, pmi 9, zwf 10, mdh 4, gdh 7, and 
pgi 8. ST79 has been associated with bovine cases of pneumonia (Hotchkiss et 
al., 2011) and belongs to the clonal complex 13, which contains sequence types 
typical of P. multocida strains isolated from pneumonias in cattle and pigs. 
Based on MIC values, strain Pm238 exhibited resistance to streptomycin 
(48 µg/ml), tetracycline (16 µg/ml), doxycycline (24 µg/ml), erythromycin 
(> 256 µg/ml), clindamycin (> 256 µg/ml), chloramphenicol (96 µg/ml), sul-
phamethoxazole (> 1024 µg/ml), enrofloxacin (3 µg/ml), and nalidixic acid 
(> 256 µg/ml). The strain was susceptible to penicillin (0.016 µg/ml), ampicillin 
(0.032 µg/ml), cefalotin (0.094 µg/ml), gentamicin (0.094 µg/ml), spectinomycin 
(2 µg/ml), florfenicol (0.125 µg/ml), trimethoprim-sulphamethoxazole (0.125/ 
2 µg/ml), ciprofloxacin (0.019 µg/ml), and colistin (2 µg/ml). 
Strain Pm238 contained no detectable plasmids. On the other hand, in ac-
cordance with the above phenotype, PCR-based analysis of Pm238 revealed the 
presence of chloramphenicol (catAIII), sulphonamide (sulII), streptomycin (strA), 
and tetracycline (tetB) resistance genes. No macrolide- or lincosamide-resistance 
determinants, and no chromosome-borne mobile genetic elements were detected. 
A resistance-mediating mutation was also detected in parC. As previously de-
scribed, quinolone resistance is generally caused by mutations in the genes en-
coding DNA gyrase (gyrA) and topoisomerase IV (parC), and amino acid chang-
es in the quinolone-resistance-determining regions (QRDRs) play a role in the 
evolution of a high level of resistance to quinolones (Cárdenas et al., 2001). Se-
quence analysis of the QRDRs of parC identified a mutation in codon 84, result-
ing in an amino acid alteration (Glu → Lys). Fluoroquinolone resistance in P. 
multocida isolates has rarely been observed. Moreover, in vitro resistance to 
ciprofloxacin is generally considered to be associated with resistance to en-
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rofloxacin as well. Interestingly, Pm238 was susceptible to ciprofloxacin, where-
as it exhibited resistance to enrofloxacin and nalidixic acid. To date, only a lim-
ited number of studies has focused on these three antibiotics or has analysed the 
QRDRs of P. multocida. Kong et al. (2014) found no difference in MIC values to 
ciprofloxacin and enrofloxacin with nucleotide substitutions in the QRDR se-
quences. In another study, Cárdenas et al. (2001) determined the MICs of P. mul-
tocida to ciprofloxacin and nalidixic acid, but enrofloxacin has not been tested. 
Analysis of the gene gyrA revealed amino acid changes in the QRDR (Ser 83 → 
Ile, Asp 87 → Gly), and strains with these mutations exhibited increased nalidix-
ic acid MIC values and decreased susceptibilities to fluoroquinolones. Recently, 
Vanni et al. (2014) have described Escherichia coli strains that, in the same way 
as Pm238, showed resistance to enrofloxacin and susceptibility to ciprofloxacin 
with QRDR mutations in the gyrA and parC sequences. Our results indicate that 
previously unknown fluoroquinolone resistance phenotypes of P. multocida could 
exist, and the amino acid substitutions of DNA gyrase and topoisomerase IV are 
responsible for the development of this kind of resistance. 
Phenicol resistance in P. multocida is encoded by several resistance genes, 
therefore chloramphenicol-resistant but florfenicol-susceptible isolates may 
emerge. Chloramphenicol resistance is mainly mediated by the enzymatic inacti-
vation of the drug via chloramphenicol acetyltransferases, and in P. multocida, 
the most commonly identified resistance gene responsible for chloramphenicol 
resistance is catAIII (Schwarz et al., 2004), which was detected also in Pm238. 
Kehrenberg and Schwarz (2005) identified florfenicol resistance gene (floR) car-
rying plasmids in P. multocida. FloR codes for a membrane-associated exporter 
protein that promotes the efflux of florfenicol and chloramphenicol from the bac-
terial cell. To date, this resistance gene has only been found in plasmids of vari-
ous bacteria: E. coli (Cloeckaert et al., 2000), Mannheimia haemolytica (Katsuda 
et al., 2012), and Actinobacillus pleuropneumoniae (Bossé et al., 2015). There-
fore, the presence of catAIII and the lack of plasmids might explain the phenicol 
resistance phenotype of Pm238. 
Multiresistance typically results from the accumulation of mutations or re-
sistance genes (Michael et al., 2012). San Millan et al. (2009) found multire-
sistance in P. multocida related to the coexistence of multiple, small plasmids 
encoding determinants that conferred resistance. Other studies described multire-
sistant but plasmid-free P. multocida isolates, establishing that resistance genes 
were linked to the integrative and conjugative elements, ICEPmu1 or ICEPmu2 
(Michael et al., 2012; Moustafa et al., 2015). These elements consist of re-
sistance gene cassettes flanked by sequences of transposases or insertion se-
quences, indicating that the resistance genes were inserted by an integration or 
recombination process mediated by an insertion sequence. In Pm238, PCR as-
says targeting chromosome-borne mobile genetic elements failed to identify any 
accessory genes related to such elements (Klima et al., 2014), strongly suggest-
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ing that Pm238 accumulated resistance genes by several consecutive gene trans-
fer steps, rather than by conjugal transfer of a plasmid or a transferable element 
carrying multidrug-resistance genes. Further studies, including more extensive 
sequencing of Pm238, are needed to answer the question if additional alternative 
strategies for gene capture exist in P. multocida. 
The spreading of resistance among P. multocida isolates makes regular 
monitoring of its antimicrobial susceptibility important. The emergence of multi-
resistant strains such as Pm238 highlights the possibility that a single clone can 
acquire repeated gain-of-resistance genes. Pasteurella multocida therefore ap-
pears to be able to acquire multiresistance via various strategies, thus increasingly 
endangering the therapeutic efficacy of antimicrobials and supporting the spread 
of this microorganism. A better understanding of the mechanisms of multire-
sistance in P. multocida and limiting its spread among bacterial pathogens are 
currently among the most vital challenges in human and veterinary medicine. 
 
 
Acknowledgement 
This study was supported by the National Research, Development and Innovation 
Office – NKFIH K124457.  
 
References 
Aminov, R. I., Chee-Sanford, J. C., Garrigues, N., Teferedegne, B., Krapac, I. J., White, B. A. and 
Mackie, R. I. (2002): Development, validation, and application of PCR primers for detec-
tion of tetracycline efflux genes of gram-negative bacteria. Appl. Env. Microbiol. 68, 
1786–1793. 
Blackall, P. J., Pahoff, J. L. and Bowles, R. (1997): Phenotypic characterisation of Pasteurella mul-
tocida isolates from Australian pigs. Vet. Microbiol. 57, 355–360. 
Bossé, J. T., Li, Y., Atherton, T. G., Walker, S., Williamson, S. M., Rogers, J., Chaudhuri, R. R., 
Weinert, L. A., Holden, M. T. G., Maskell, D. J., Tucker, A. W., Wren, B. W., Rycroft, A. 
N. and Langford, P. R. (2015): Characterisation of a mobilisable plasmid conferring 
florfenicol and chloramphenicol resistance in Actinobacillus pleuropneumoniae. Vet. Mi-
crobiol. 178, 279–282. 
Boyce, J. D., Harper, M., Wilkie, I. W. and Adler, B. (2010): Pasteurella. In: Gyles, C. L., Pescott, 
J. F., Songer, J. G. and Thoen, C. O. (eds) Pathogenesis of Bacterial Infections in Animals. 
Fourth Edition. Iowa State University Press, Ames, IA. pp. 325–346. 
Cárdenas, M., Barbé, J., Llagostera, M., Miró, E., Navarro, F., Mirelis, B., Prats, G. and Badiola, I. 
(2001): Quinolone resistance-determining regions of gyrA and parC in Pasteurella multo-
cida strains with different levels of nalidixic acid resistance. Antimicrob. Agents Chemoth-
er. 45, 990–991. 
Carter, G. R. (1955): Studies on Pasteurella multocida. I. A hemagglutination test for the identifi-
cation of serological types. Am. J. Vet. Res. 16, 481–484. 
Cloeckaert, A., Baucheron, S., Flaujac, G., Schwarz, S., Kehrenberg, C., Martel, J. L. and Chaslus-
Dancla, E. (2000): Plasmid-mediated florfenicol resistance encoded by the floR gene in 
Escherichia coli isolated from cattle. Antimicrob. Agents Chemother. 44, 2858–2860. 
De Alwis, M. C. L. (1992): Haemorrhagic septicaemia — a general review. Br. Vet. J. 148, 99–112. 
18 UJVÁRI et al. 
Acta Veterinaria Hungarica 66, 2018 
Fegan, N., Blackall, P. J. and Pahoff, J. L. (1995): Phenotypic characterisation of Pasteurella mul-
tocida isolates from Australian poultry. Vet. Microbiol. 47, 281–286. 
Gautam, R., Kumar, A. A., Singh, V. P., Singh, V. P., Dutta, T. K. and Shivachandra, S. B. (2004): 
Specific identification of Pasteurella multocida serogroup-A isolates by PCR assay. Res. 
Vet. Sci. 76, 179–185. 
Hall, T. (2011): BioEdit: an important software for molecular biology. GERF Bull. Biosci. 2, 
60–61. 
Heddleston, K. L., Gallagher, J. E. and Rebers, P. A. (1972): Fowl cholera: gel diffusion precipitin 
test for serotyping Pasteurella multocida from avian species. Avian Dis. 16, 925–936. 
Hotchkiss, E. J., Hodgson, J. C., Lainson, F. A. and Zadoks, R. N. (2011): Multilocus sequence 
typing of a global collection of Pasteurella multocida isolates from cattle and other host 
species demonstrates niche association. BMC Microbiol. 11, 1. 
Katsuda, K., Kohmoto, M., Mikami, O., Tamamura, Y. and Uchida, I. (2012): Plasmid-mediated 
florfenicol resistance in Mannheimia haemolytica isolated from cattle. Vet. Microbiol. 155, 
444–447. 
Katsuda, K., Kohmoto, M., Mikami, O. and Uchida, I. (2009): Antimicrobial resistance and genetic 
characterization of fluoroquinolone-resistant Mannheimia haemolytica isolates from cattle 
with bovine pneumonia. Vet. Microbiol. 139, 74–79. 
Kehrenberg, C. and Schwarz, S. (2001): Occurrence and linkage of genes coding for resistance to 
sulfonamides, streptomycin and chloramphenicol in bacteria of the genera Pasteurella and 
Mannheimia. FEMS Microbiol. Lett. 205, 283–290. 
Kehrenberg, C. and Schwarz, S. (2005): Plasmid-borne florfenicol resistance in Pasteurella multo-
cida. J. Antimicrob. Chemother. 55, 773–775. 
Klima, C. L., Zaheer, R., Cook, S. R., Booker, C. W., Hendrick, S., Alexander, T. W. and McAllis-
ter, T. A. (2014): Pathogens of bovine respiratory disease in North American feedlots con-
ferring multidrug resistance via integrative conjugative elements. J. Clin. Microbiol. 52, 
438–448. 
Kong, L. C., Gao, D., Gao, Y. H. and Liu, S. M. (2014): Fluoroquinolone resistance mechanism of 
clinical isolates and selected mutants of Pasteurella multocida from bovine respiratory dis-
ease in China. J. Vet. Med. Sci. 76, 1655–1657. 
Magyar, T. and Lax, A. J. (2002): Atrophic rhinitis. In: Brogden, K. A. and Guthmiller, J. M. (eds) 
Polymicrobial Diseases. ASM Press, Washington, D.C., USA. pp. 169–197. 
Michael, G. B., Kadlec, K., Sweeney, M. T., Brzuszkiewicz, E., Liesegang, H., Daniel, R., Murray, 
R. W., Watts, J. L. and Schwarz, S. (2012): ICEPmu1, an integrative conjugative element 
(ICE) of Pasteurella multocida: analysis of the regions that comprise 12 antimicrobial re-
sistance genes. J. Antimicrob. Chemother. 67, 84–90. 
Moustafa, A. M., Seemann, T., Gladman, S., Adler, B., Harper, M., Boyce, J. D. and Bennett, M. 
D. (2015): Comparative genomic analysis of Asian haemorrhagic septicaemia-associated 
strains of Pasteurella multocida identifies more than 90 haemorrhagic septicaemia-specific 
genes. PLoS ONE 10, p.e0130296. 
Register, K. B. and DeJong, K. D. (2006): Analytical verification of a multiplex PCR for identifi-
cation of Bordetella bronchiseptica and Pasteurella multocida from swine. Vet. Microbiol. 
117, 201–210. 
Rhoades, K. R. and Rimler, R. B. (1989): Fowl cholera. In: Adlam, C. and Rutter, J. M. (eds) Pas-
teurella and Pasteurellosis. Academic Press London, London, UK. pp. 95–113. 
Rimler, R. B. and Rhoades, K. R. (1987): Serogroup F, a new capsule serogroup of Pasteurella 
multocida. J. Clin. Microbiol. 25, 615–618. 
Rose, S., Desmolaize, B., Jaju, P., Wilhelm, C., Warrass, R. and Douthwaite, S. (2012): Multiplex 
PCR to identify macrolide resistance determinants in Mannheimia haemolytica and Pas-
teurella multocida. Antimicrob. Agents Chemother. 56, 3664–3669. 
 MULTIRESISTANT PASTEURELLA MULTOCIDA STRAIN FROM CATTLE 19 
Acta Veterinaria Hungarica 66, 2018 
San Millan, A., Escudero, J. A., Gutierrez, B., Hidalgo, L., Garcia, N., Llagostera, M., Dominguez, 
L. and Gonzalez-Zorn, B. (2009): Multiresistance in Pasteurella multocida is mediated by 
coexistence of small plasmids. Antimicrob. Agents Chemother. 53, 3399–3404. 
Schwarz, S., Kehrenberg, C., Doublet, B. and Cloeckaert, A. (2004): Molecular basis of bacterial 
resistance to chloramphenicol and florfenicol. FEMS Microbiol. Rev. 28, 519–542. 
Sellyei, B., Varga, Z., Ivanics, É. and Magyar, T. (2008): Characterisation and comparison of avian 
Pasteurella multocida strains by conventional and ERIC-PCR assays. Acta Vet. Hung. 56, 
429–440. 
Subaaharan, S., Blackall, L. L. and Blackall, P. J. (2010): Development of a multi-locus sequence 
typing scheme for avian isolates of Pasteurella multocida. Vet. Microbiol. 141, 354–361. 
Townsend, K. M., Frost, A. J., Lee, C. W., Papadimitriou, J. M. and Dawkins, H. J. (1998): Devel-
opment of PCR assays for species- and type-specific identification of Pasteurella multo-
cida isolates. J. Clin. Microbiol. 36, 1096–1100. 
Vanni, M., Meucci, V., Tognetti, R., Cagnardi, P., Montesissa, C., Piccirillo, A., Rossi, A. M., Di 
Bello, D. and Intorre, L. (2014): Fluoroquinolone resistance and molecular characterization 
of gyrA and parC quinolone resistance-determining regions in Escherichia coli isolated 
from poultry. Poultry Sci. 93, 856–863. 
 
 
 
